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Abstract 
The adsorption of methyl orange dye (MO) on multiwalled carbon nanotubes (MWCNTs) from aqueous solutions 
was investigated in a batch stirred cell. The effects of temperature, stirring speed, MO concentration, MWCNT mass 
on MO adsorption were investigated. The results showed that the MO adsorption increased with its concentration in 
the aqueous solutions. MO adsorption also increased with temperature. The MO removal from the solution increased 
as MWCNT mass increases. The kinetic study demonstrated that MO adsorption on MWCNTs was in a good 
accordance with the pseudo-second-order kinetic model. 
© 2013 The Authors. Published by Elsevier B.V.  
Selection and/or peer-review under responsibility of Beijing Institute of Technology. 
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1. Introduction 
Dyes are widely used in industries such as the textile, pulp mill, paper, dye synthesis, food, printing, 
leather, and plastics industries. Many dyes are toxic to some organisms and can cause direct destruction 
of aquatic living organisms. Hence, developing a sustainable competitive method of effluent management 
for the dyeing industry has long been an important task for the environmental protection. The 
conventional physicochemical processes for the removal of dyes from wastewater include oxidation or 
ozonation, photochemical degradation, reverse osmosis, membrane separation, coagulation and 
adsorption, and the adsorption is one of the most effective methods that have been successfully employed 
for color removal from wastewater [1-3]. Carbon nanotubes (CNTs) have attracted great interest in 
multidisciplinary areas owing to their unique hollow tube structure and various potential applications [4, 
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5]. CNTs have been proposed for different applications such as sensors, hydrogen storage devices and so 
on [6, 7]. Because of their easily modified surfaces and large surface areas, extensive experiments have 
been conducted on the adsorption of organic or inorganic contaminants on CNTs [8, 9].  
In this work, methyl orange dye (MO) was selected as model pollutant to investigate adsorption 
kinetics of pollutant onto mutiwalled CNTs (MWCNTs) under different experimental conditions, such as 
the effect of temperature, CNT mass, MO concentration, and stirring speed on the adsorption process. 
Understanding the kinetic of the adsorption is critical for the development of more efficient adsorbents 
suitable for real environmental applications, the adsorption kinetics of MO on MWCNTs were studied. 
The kinetic data was analyzed so that we can estimate the adsorption mechanism and different models 
were applied to fit the experimental data. This information may be useful for further study and practical 
applications of the adsorbent in dyeing wastewater treatment [10]. 
2. Experimentals 
2.1. Materials  
All other chemicals were purchased in analytical purity and used without further purification and all 
solutions were prepared with Milli-Q water under ambient conditions. MWCNTs with outer diameter of 
20-50 nm and length of about 40 μm, were prepared according to a method described in detail in a 
previous study [11].The specific surface area of the oxidized MWCNTs was found to be 165 m2/g. 
2.2. Adsorption experiment 
The adsorption experiments were carried out under ambient conditions by using a batch stirred cell. 
Batch experiments were performed in a set of 250 mL stoppered flasks that contain a definite volume of 
fixed initial concentrations of dyes solution. The flasks were kept in a thermostated water bath shaker at a 
speed of 500 rpm. For predetermined time intervals, the sample solutions were filtered after equilibrium 
using 0.45 μm filter paper to determine the residual concentrations. The adsorbate concentrations in the 
initial and final aqueous solutions were measured by using UV-vis spectrophotometer at 464 nm. The 
amount of MO adsorbed on MWCNTs was calculated from the difference between the initial 
concentration and the equilibrium one. The adsorption percentage (adsorption%=(C0−Ce)/C0×100%) was 
derived from the difference of the initial concentration (C0) and the final one (Ce) in supernatant. All 
experimental data were the average of triplicate determinations and the relative errors were about 5%. 
3. Results and discussion  
3.1. Effect of stirring speed on MO adsorption 
To investigate the effect of stirring speed on MO adsorption, experiments were performed under 
different stirring speed. Fig. 1 shows that the equilibrium adsorption of MO on MWCNTs increases from 
25 mgg−1  to 45 mgg−1 as stirring speed increases from 300 rmin−1 to 700 rmin−1. The reason may be that 
there is a stagnant flow layer existing on MWCNTs surface. Increasing the stirring rate will reduce the 
thickness of the liquid film and the mass-transfer resistance to the MWCNT surface. Therefore, the 
adsorption of MO on MWCNTs will be increased with the stirring speed. However, the impact of the 
external diffusion has been eliminated as the stirring speed enhances above 500 rmin−1. Hence, the MO 
adsorption may not improve further as the stirring speed rises [12]. 
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Fig. 1. Effect of stirring speed on MO adsorption (m/V[MWCNTs] = 0.2 gL-1, Co [MO] = 10 mgg-1, T = 293K). 
3.2. Effect of MWCNTs mass on MO adsorption 
To study the effect of MWCNT mass on MO adsorption, 10 mgL-1 MO solutions were mixed with 
different MWCNT mass for 140 minutes. Fig. 2 shows that MO adsorption on per gram of MWCNTs 
decreases with the rise in the MWCNT mass in the solution. After 140 minutes the MO adsorption 
decreases from 55.2 to 29.7 mgg-1 as MWCNTs mass increases from 0.15 gL-1 to 0.3 gL-1. Such 
performance on the MWCNTs may be due to the fact that some of the adsorption sites remain unsaturated 
during the adsorption process. As the initial MO concentration keeps constant, it is noted that the total 
adsorptive capability of MO improves faster as the MWCNTs mass increases due to the increase in the 
number of surface area and reaction sites available to MO [12].  
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Effect of MWCNT mass on MO adsorption (m/V[MWCNTs] = 0.2 gL-1, stirring speed = 500 r min−1, Co [MO] = 10 
mgg-1, T = 293K). 
3.3. Effect of MO concentration on its adsorption 
Fig. 3 shows plots of adsorption capacity (qt) of MO onto MWCNTs versus contact time for 
different initial MO concentrations. As seen in Fig. 3, qt value enhances evidently from 25.3 mgg−1 to 
44.7 mgg−1 with the increase in the initial concentration from 8 mgL-1 to 20 mgL-1. The adsorption 
capacity of MO increased with the increase of the initial MO concentration may be attributed to an 
increase in the driving force of concentration gradient with the increase in the initial concentration [10, 
13]. 
0 20 40 60 80 100 120 140
0
5
10
15
20
25
30
35
40
45
50
 
 
 
 
 q t
(m
g.g
-1
)
Time(min)
 300 rpm
 500 rpm
 700 rpm
0 20 40 60 80 100 120 140
0
10
20
30
40
50
60
  
 
 
 m/V[MWCNTs]=0.15 g.L
-1
 m/V[MWCNTs]=0.2 g.L
-1
 m/V[MWCNTs]=0.3 g.L
-1
 q t
(m
g.g
-1
)
Time(min)
893 Donglin Zhao et al. /  Procedia Environmental Sciences  18 ( 2013 )  890 – 895 
The adsorption is initially rapid, and then slow, the fast removal rate in the beginning is attributed to a 
large number of vacant surface sites. The subsequent slow adsorption process shows the remaining vacant 
surface sites were difficult to occupy owing to the repulsive forces between the bulk phase and the dye 
molecules on MWCNTs [10, 14]. 
 
 
 
 
 
 
 
 
 
Fig. 3. Effect of concentration on MO adsorption (m/V[MWCNTs] = 0.2 gL-1, stirring speed = 500 r min−1, T = 293 K). 
3.4. Effect of temperature on MO adsorption  
Experiments were carried out at the same initial MO concentration of 10 mgg−1, with a MWCNTs 
dose of 0.2 gL-1 to investigate the effect of temperature on MO adsorption. Fig. 4 shows that MO 
adsorption increases with increasing temperature, which may be attributed to the fact that the reaction rate 
between MO and the surface oxygen functional groups on the MWCNTs increases with temperature. 
Meanwhile, the diffusivity of MO through the external laminar layer into the micropores of the MWCNTs 
also increases with the rise in temperature for the diffusion is an endothermic process [12].Meanwhile, 
some water molecules  can desorb from MWCNTs as temperature improves, which leads to more pores 
open to MO. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Effect of temperature on MO adsorption (m/V[MWCNTs] = 0.2gL-1, Co [MO] = 10mgg-1, stirring speed = 500 r min−1). 
3.5. Adsorption dynamics 
The pseudo-first-order kinetic model [15,16] describes the adsorption of liquid/solid system based on 
solid capacity. The model can be written as: 
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where qe and qt is the capacity of metal ions adsorbed (mg.g-1) at equilibrium and time t (h), respectively 
and K1 is the pseudo-first-order rate constant (h-1). Thus the values of qe and k1 can be determined 
experimentally by plotting lg(qe-qt) versus t and extracting information from the least squares analysis of 
slope and intercept and substituting into Eq. (1). The plots of lg(qe-qt) versus t are shown in Fig. 5A . The 
calculated qe, k1, and the corresponding linear regression correlation coefficient R2 values are shown in 
Table 1.  
The pseudo-second order model describe that adsorption process is controlled by chemisorption 
which involve valency forces through sharing or exchange of electron between the solvent and the sorbate. 
The adsorption kinetic model is expressed as the following formulation [17,18]: 
 t
qqkq
t
eet
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2
2
                                                 (2) 
The values of k2 and qe can be calculated from the intercept and the slope of the linear relationship, Eq. (2), 
between t/qt and t. The curves of the plots of t/qt versus t were given in Fig. 5B and the calculated qe, k2, 
and the corresponding linear regression correlation coefficient R2 values are summarized in Table 1.  
From the relative coefficient, it can be seen that the pseudo-second-order kinetic model fit the adsorption 
of MO onto MWCNTs better than the pseudo-first-order model. 
 
 
 
 
 
 
  
 
 
 
 
 
Fig. 5. The pseudo-first-order kinetics (A), and the pseudo-second-order kinetics (B) for MO adsorption onto MWCNTs (m/V[MWCNTs] 
= 0.2 gL-1, Co [MO] = 10 mgg-1, stirring speed = 500 r min−1) 
Table1. Kinetic parameters for the adsorption of MO on MWCNTs at various temperatures. 
 Pseudo-first-order Pseudo-second-order 
 
K1 
(min-1) 
qe 
(mgg-1) R2 
K2 
(gmg-1 min-1) 
qe 
(mgg-1) R2 
293 K 0.017 49.91 0.93 1.36E-4 44.16 0.95 
303 K 0.024 52.89 0.93 4.21 E-4 47.56 0.96 
313 K 0.028 54.84 0.95 6.07 E-4 54.09 0.96 
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4. Conclusions   
This investigation described the dynamic adsorption of MO onto MWCNTs. The results showed the 
adsorption capacity increased with increasing stirring speed, MO concentration, and temperature. MO 
adsorption on per gram of MWCNTs decreases with the rise in the MWCNTs mass in the solution.  The 
removal of MO by adsorption on MWCNTs was found to be rapid at the initial period of contact time and 
then slows down with increasing reaction time. Adsorption data were modeled using the first and second-
order kinetic equations. The second-order kinetic equation could best describe the adsorption kinetics.  
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